Effects of midazolam on the cardiac autonomic nervous system were studied by power spectral analysis of electrocardiographic R-R intervals in patients undergoing elective lower abdominal surgery under spinal anaesthesia. Patients were randomly assigned into two groups: 10 patients in group A received spinal anaesthesia only and 10 in group S received spinal anaesthesia and midazolam of 0.05 mg/kg when surgery started. In the frequency domain power spectra, low (Lo; Hz) frequency components were integrated to ascertain sympathetic and parasympathetic activity, respectively. There was no intergroup difference in starting time of surgery, ventilatory frequency, arterial pressure, heart rate, mean and variance of R-R interval, and cephalad level of analgesia. In spectral component, Lo decreased (P< 0.05) and Hi/Lo ratio increased (P< 0.05) relative to their baselines in group S. These were also different from group A (P< 0.05). We concluded that intravenous midazolam depressed sympathetic activity to produce a vagotonic cardiac autonomic nervous system under spinal anaesthesia.
Midazolam has been extensively used for sedation during surgery under regional anaesthesia because it is characterized by a short half-life, smoothness of induction, retrograde amnesia and lack of irritation at the injection site!]. Under spinal anaesthesia, intravenous midazolam decreases blood pressure and heart rate (HR)'. However, the effects of midazolam on the cardiac autonomic nervous system, which has a vital role in neural control for maintaining cardiovascular stability, have not been well studied. Spinal anaesthesia increases parasympathetic neural tone and reduces sympathetic activity'. The combination of spinal anaesthesia and midazolam for sedation has a modest synergistic effect of depressing resting ventilation without changes in CO 2 response'. This in turn may suggest that midazolam may affect the cardiac autonomic nervous system during spinal anaesthesia. We studied the effects of intravenous midazolam on the cardiac autonomic nervous system by power spectral analysis of electrocardiographic R-R intervals.
PATIENTS AND METHODS
We studied 26 ASA class I and II patients having elective lower abdorninal gynaecological surgery under spinal analgesia. After approval by the local Research Review Board, informed consent was obtained from all participants. Patients with a history of cardiovascular disease, arrhythmia or autonomic nervous diseases such as diabetes mellitus were excluded from the study. No patient was receiving concurrent medication. Patients were randomly assigned into two groups; unsedated patients were group A, and those receiving midazolam sedation were group S.
All patients received intramuscular midazolam 0.1 mg/kg an hour before induction of anaesthesia. Atropine was not given. In the operating theatre, the patient was placed in the supine position and routine monitoring, including pulse oximetry, ECG, impedance respiratory signals, and automated sphygmomanometry, commenced (BSM-8500, Nihon Kohden, Tokyo, Japan). Via an intravenous cannula, 6% hydroxyethylated starch solution 10 mg/kg/hour was given, followed by Hartmann's solution 10 mllkg/hour. With the patient in the left lateral position, an extradural catheter was placed cephalad at U-2 through a 17-gauge needle so as to initiate epidural anaesthesia in case of failure of the spinal anaesthesia. A 25-gauge spinal needle was inserted at L2-3 and hyperbaric spinal regimen containing 0.5070 tetracaine plain in 10070 dextrose was given at a rate of 0.2 mlls without barbotage. The amount of the spinal tetracaine was to be randomly assigned between 1.6 and 2.0 ml in each group. Timing commenced from the start of the spinal injection. The patient was then turned supine and helped to take the lithotomy position 10 minutes after the spinal injection. Surgical scrubbing was allowed when the dermal level of the analgesia was above T6, being tested by loss of pin-prick sensation in the mid axillary line bilaterally at 5, 10, 15 and 20 minutes. The surgery started ad libitum thereafter. In both groups, timing commenced again when surgery started, and at this moment intravenous midazolam of 0.05 mg/kg was given in group S. On entering the operating theatre, variables were digitally recorded onto magnetic tape (RD-lllT, TEAC, Tokyo, Japan) for 5 minutes as baseline and for 60 minutes after spinal anaesthesia. The patient was not placed in the Trendelenburg position, and chart recordings of blood pressure and HR were made at 5-minute intervals.
Ephedrine 4-8 mg and/or atropine 0.25-0.5 mg were given for hypotension (::5 80 mmHg systolic) and/or bradycardia (::5 50 beats/min), respectively. Patients needing vasoactive agents before the surgery, patients with insufficient levels of analgesia, and those who requested sedation in group A were excluded from the study. In patients who received the vasoactive agents after start of surgery, only the data collected up to the time of administration was included so as not to contain the effects of the agents thereafter. Patients were given 3 lImin oxygen via a facemask during the procedure.
Data analysis
The analytical procedures of the power spectral computations have been previously described'. In brief, mean arterial pressure (MAP) was calculated as: 3 Ventilatory frequency (j) was derived from the impedance respiratory signals. The ECG channel was processed with a drift-free filter and a low-cut filter below 5 Hz, and recorded by digitizing at 500 Hz offline to obtain sequential R-R intervals. After constructing an instantaneous 1024 HR data set from 256-s' R-R intervals as a reciprocal of the interval length by sampling at 4 Hz6, they were subjected to fast Fourier transform-based power spectral analysis 7 • The power spectra below 0.5 Hz were normalized by the square of the mean of HR. At every 60s interval, the analysis was repeated by overlapping 196-s' R-R data set. Two spectral band areas were assigned: low frequency (Lo; 0.04-0.15 Hz) and high frequency (Hi; 0.15-0.40 Hz) ( Figure 1 ). Each of the peak areas were integrated and the Hi/La ratio was calculated, and their Anaesthesia and Intensive Care, Vol. 23, No. 4, August, 1995 common logarithms determined. La component is considered reflecting parasympathetic and sympathetic nervous activity, and Hi component reflects respiratory related parasympathetic activity mediated in the respiratory centre in the brainstem 6 -s • Hi/La ratio therefore means sympathovagal balance in the cardiac autonomic nervous system 7 -1I • We developed the programs to process these computations on a microcomputer (PC-9800, NEC, Tokyo, Japan). The ECG data during surgical scrubbing was excluded as it was obtained later than 15 minutes after the commencement of anaesthesia. Normally distributed data are shown as mean (SO). Mean and variance were calculated from R-R intervals at each corresponding sampling time, and HR was calculated from the reciprocal of each R-R data. MAP, /, HR, R-R interval mean and variance were compared with the baseline within a group using one-way analysis of variance (AN OVA) for repeated measurements, followed by Scheffe's test. Variables in spectral components were compared using ANOVA. Fisher's protected least significant difference test was used within each group. Dermal levels of analgesia shown as median (range) were compared using Wilcoxon matched pairs signed rank test within a group (right vs left side) and Mann-Whitney test between groups. P < 0.05 was considered statistically significant.
RESULTS
Two patients in group A and three in group S were excluded because they received vasoactive agents before the start of surgery. One in group A was excluded as she wished to be sedated after start of the procedure. There were no differences in age, weight and the time of start of surgery between groups A (n = 10) and S (n = 10) ( Table 1 ). After the start of surgery, two patients in group A and four in group S received vasoactive agents ( Table 2) . No patient needed an extradural injection or ventilatory assistance throughout the study. The extradural catheter was removed intact within a day after surgery. The mean dose of spinal tetracaine was 1.80 (0.l4) (range: 1.6-2.0 ml) in each group. Compared with the baseline, the HR was lower at 20 minutes and thereafter in group A (P < 0.05), and lower after the start of surgery in group S (P<0.05), respectively. MAP decreased at 10 minutes and thereafter in both groups (P< 0.05). The mean of R-R interval at 20 minutes was higher than the baseline in group A (P<0.05). j, MAP, HR, the mean and variance of R-R intervals, and the dermal level of analgesia were not different between the groups.
Stability of the ECG data was satisfactory enough for the analysis in all patients. By the commencement of the surgical scrub, continuous ECG data yielded 16 spectra within 20 minutes. After the timing commenced again, eight spectra were yielded within 12 minutes. No further recording was obtained as surgical manipulation disturbed the data collection. Midazolam sedation decreased Lo and increased Hi/Lo ratio in group S (P< 0.05), while it produced no effect on all components in group A (Figure 2 ). These changes were noted one minute after the administration of midazolam and were only in two spectra. Hi was consistent in group S, whereas it increased within group A (P < 0.05) for the period II minutes postspinal injection until surgery commenced.
DISCUSSION
Spinal anaesthesia with hyperbaric tetracaine decreases HR and arterial pressure by depressing /In(J(!\{h('\/U and In/ensivc Care, ~·()I. 23, No, 4, AURust, 1995 sympathetic activity, and increases parasympathetic neural tone to produce a vagotonic cardiac autonomic nervous system'. We showed that intravenous midazolam of 0.05 mg/kg made the cardiac autonomic nervous system further vagotonic as shown by the changes in the spectral components superimposed on a vagotonic condition produced by spinal anaesthesia.
Midazolam suppresses catecholamine concentrations '2 , and abolishes response to command in unpremedicated patients at an ED50 of 0.26 mg/kg'l. Ventilatory depression is demonstrable by CO 2 response at a dose of 0.2 mg/kg, although no serious depression has been reported at about 0.05-0.075 mg/kg '4 . ' 5 . The primary effect of midazolam is to decrease tidal volume '6 , with a 500/0 reduction within 2 minutes at 0.1 mg/kg17. Our study demonstrates that a dose of midazolam as small as 0.05 mg/kg would enhance cardiac autonomic nervous system vagotonia when given during surgery under spinal anaesthesia.
It was believed that the nature of the cardiac autonomic nervous system would have been different individually. We could not determine whether there was a difference in responses to environmental changes between the groups. As there was no statistical difference in the baseline spectral components and the level of analgesia was comparable in both groups when surgery started, we presumed that the results were sufficient to show the effect of midazolam, and that increased Hi/Lo ratio after surgery in group S would be mainly because of intravenous midazolam. The effects of surgery were negligible because significant changes were noted in group S only.
Generally, cephalad level of analgesia extends further during surgery under spinal anaesthesia. The same dose of spinal tetracaine achieved a maximum level by 15 minutes in the previous study', and so could be expected to do the same in this study. We therefore considered that there would be no extension of the level after start of surgery.
Power spectral analysis of HR variability is useful to study the physiological condition of the cardiac autonomic nervous system 4
. The spectral components were respectively considered to show sympathetic and parasympathetic activities; Lo component considered of vasomotor origin, mediated by parasympathetic and sympathetic systems, and Hi component, centred at the frequency of ventilation, mediated primarily by the respiratory related parasympathetic system5.IS.19. Tidal volume can influence HR variability at frequencies below those usually associated with respiratory sinus arrhythmia at a band width of 0.02-0.12 HZI9. Although/ did not alter in this study, ventilatory depression including reduction in tidal volume would decrease Lo and increase Hi/Lo, as shown in group S. Spinal anaesthesia stimulates resting ventilation including increase in tidal volume and decrease in/and produces a modest synergistic effect when combined with intravenous midazolam 5. Considering spectral changes in this study, intravenous midazolam of 0.05 mg/kg would be insufficient to counter this stimulating effect. Time-related changes in spectral components were not so obvious as we previously showed" although the levels of analgesia were compatible. Preparatory manipulation such as assumption of the low lithotomy position would obscure the changes. Midazolam sedation would diminish vagotonia" as this implies that there is less parasympathetic activity after its administration under spinal anaesthesia.
